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1833 rony mnOpu UCCIEAOBAHWM SBICHUS JJeKkTposm3a M. Dapadeii
YCTAaHOBWJI, YTO TOK B pPAacCTBOPE JJIEKTPOJIUTA OTO YHOPSAOUYEHHOE
ABW)KCHUE 3apsKEHHBIX YacTUIl — HWOHOB. @Papaodeil  ONpeAean
MUHUMAJIBHBIM 3apsii HMOHA, KOTOPBIM OBLI Ha3BaH JJIEMEHTAPHBIM
AIIEKTPUYECKUM 3apsiaoM. [IpubnmxkeHHOE 3HAYEHHWE KOTOPOTO OKA3AJIOCh

paBHbIM € = 1,60-10"° Ki. Ha ocHoBanuu uccienoBaHuil @apaoes: MOKHO
OBLIO CHENIaTh BBIBOJ O CYIIECTBOBAHMU BHYTPH aTOMOB JIEKTPUUYECKUX
3apsII0B.

BaxXHbIM  CBUAECTEIBCTBOM  CIIO)KHOW  CTPYKTYpPbl  arOMOB  SIBUJIUCH

CIIEKTPOCKOTIUYECKUE MCCIICNOBAHUS, KOTOPBIE TMPUBEIU K OTKPBITHUIO
JUHENYaThIX CHEeKTpoB aromoB. B Havane XIX Beka OBUIM OTKPBITHI
JUCKPETHBIE CIEKTPAJIbHBIE JIMHUA B H3JIYYEHUU aATOMOB BOAOPOAA B
BUJAMMOWM YacCTH CHEKTpa, W BIOCIEACTBUM ObUIA YCTAHOBJICHBI
MaTEeMaTUYeCKUE 3aKOHOMEPHOCTH, CBI3BIBAIOIIME JJIUHBI BOJIH 3THUX
aaHun (M. banemep, 1885 1.).

1896 rony A. bexkepens OOHApPYKWJI SIBICHUE WCIYCKAaHUS aTOMaMu

HEBUJIUMBIX MPOHUKAIOIINX U3TyYECHHUM, HA3BAHHOE PAJUOAKTUBHOCTHIO. B
MOCJIECAYIONIAE TOoAbl OBbUIO OOHAPYKEHO, YTO aTOMbl PATUOAKTUBHBIX
BCIIECTB MCITYCKAalOT TPU BHJAA H3JIYYCHUH Pa3IMYHON (HU3NYECKOU
NpUPOAbI (aibcha-, bema- n cavma-n1yunt). Anbgha-nyun 0Ka3aluch MTOTOKOM
UoH086 2enusi. bema-nyuu — MOTOKOM 271eKMPOHO8, & 2aMMAa-1yyu — TTOTOKOM
KBAHTOB KECTKOTO PEHTT€HOBCKOTO U3JTyUYCHHUH.



B 1897 rony /loic. Torcor OTKPBUI SIEKTPOH M W3MEPUII OTHOILIEHHE ¢€/771
3apsza IEKTpoHa K Macce. OnbiTel TOMCOHA MOATBEPAUIN BBIBOJ O TOM,
YTO JIEKTPOHBI BXOAAT B COCTAB aTOMOB.

Takum o00pa3oM, Ha OCHOBAaHMM BCEX M3BECTHBIX K Hayany XX Beka
HKCIEPUMEHTAIBHBIX (PAKTOB MOKHO OBUIO CJeiaTh BBIBOA O TOM, YTO
arTOMbl  BEIIECTBA MMEKOT CIIOKHOE BHYTpEeHHee crpoeHue. OnHu
NPEJACTABIAIOT  COOOM  DIIEKTPOHEUTpAIbHBIE  CUCTEMBI,  IIpUYEM
HOCUTEJISIMU  OTPULIATENILHOTO  3apsia aTOMOB  SBIISIFOTCA  JIETKUE
AJIEKTPOHBI, Macca KOTOPBIX COCTAaBIIIET JIMIIb MAJIYK JOJK MAacChl
atomoB. OCHOBHAsi 4acTh MacCbl arOMOB CBfI3aHA C TOJIOKUTEIbHBIM
3apsAI0M.

[Iepen Hayko# BCTa BOIPOC O BHYTPEHHEM CTPOEHUU aTOMOB.

[IepBas TONMBITKA CO3MaHHUSI MOJICIM aTOMa HA OCHOBE HAKOIUICHHBIX
AKCIIEPUMEHTAJIbHBIX JaHHBIX NpUHAMICKUT /[owc. Tomcony (1903 1.). On
CUMTaJ, YTO aTOM IIPEJCTABIISICT COOOM SJICKTPOHEUTPATbHYI0 CHUCTEMY
mapoo0pasHoii  GopMbl paamycoM nOpuMepHo paBHbiM 10710 M.
[ToJIO)KUTENBHBIM  3apsJT aTOMAa PABHOMEPHO PACIIPEACICH 10 BCEMY
00bEMY I1apa, a OTPUILIATEIIFHO 3aPSKEHHBIC AJIEKTPOHBI HAXOAATCS BHYTPH
Hero. [ oObsICHEHUS TMHEHYAThIX CIEKTPOB

HCITyCKaHHUsA aTOMOB TOMCOH MBITAJICS ONPEICIUTD
PACIIOJIOKEHUE JIEKTPOHOB B aTOME U PACCUUTATh YaCTOTHI
HX KOJICOAHUI OKOJIO IOJ0XKEHUM paBHOBecHs. O1HAKO
3TH IIONBITKU HE YBEHYAJIUCh YCIIEXOM.

Mogaens aroma JIx. Tomcona



[lepBble MpsIMBIE PKCIEPUMEHTHI MO HCCIEAOBAHUIO BHYTPEHHEN CTPYKTYPbI
aTOMOB ObLIM BbINOJHEHBI . Pezepdopnom u ero corpyaHuKaMu O.
Mapcoenom u X. I'eiicepom B 1909—-1911 romax. OH npeaioxuil NpUMEHUTD

30HAUPOBAaHWE aromMa C TOMOIIBIO ((-yactul. Macca (l-4acTuIl
npuoau3nTeabHo B 7300 pa3 00JbIle Macchl SJICKTPOHA, a MOJIOKUTEIbHBIN
3apsA]i PAaBEH YIBOCHHOMY DJJIEMEHTApPHOMY 3apsay. B cBoumx omnbITax

Pezepghopo MCTIONB30BANl (/-4AaCTUIBI ¢ KMHETHYECKONM JHEpPrueil OKOJIO

5 MaB. @¢-yactunbl Obuid OTKpBITEL Pezepdopaom B 1899 ronmy mnpwu
U3Yy4YEHUU SBJICHUS PaIMOAKTUBHOCTH. OTUMU YaCTULIAMUA
OOMOapMpPOBAIUCh ATOMBI 30JI0TO, CEPEOpPO, MEAb M Ap. DJIEKTPOHHI,
BXOJISIIIAE B COCTAB aTOMOB, BCJIEACTBUE MAJIOW MAacChl HE MOTYT 3aMETHO

W3MEHUTH TPACKTOPHUIO ((-HACTUIIBI.
Paccesinue, To eCTh U3BMEHEHHE

HaIIpaBJICHUA OBUXCHHUA (/-4aCTHII,
MOKCT BBI3BATb TOJIBKO TsXKEJIast
ITOJIOKHUTCIIBHO 3aPsAKCHHAS YaCTh
aromMa.

Cxema onvima Pezepghopoa no pacceanur o-uacmuy,.
K — CBHHIIOBBIN KOHTEMHED C PAAMOAKTUBHBIM BEIIECTBOM, D — 3KPaH,
HOKPBITBIA CEPHUCTBIM IIUHKOM, D — 30510Tast hosibra, M — MUKpPOCKOIL.



HaOnronenuss paccessHHbIX o-4acTull B ombiTe Pesepdopaa MOXHO ObLIO
MPOBOJUTH I10J] Pa3IMYHBIMU yIJIaMH () K MEPBOHAYAIBLHOMY HaIIPABICHUIO
ny4yka. beuio OOHapyKeHO, 4TO OOJIBIIMHCTBO O-YaCTHI] IPOXOJIUT 4Yepe3
TOHKMH CJIOM MeTajlla, IPAaKTUYECKH HE HCHOBIThIBas OTKJIOHEHHUS. OHAKO
HeOOJbIIasd  YacTh  YacCTHUI[ OTKJOHSETCd HAa  3HAYUTEJIbHBIE  YIIIBI,
npepbeimaromue 30°. O4eHb peaKue 0-4acTUllbl (MPUOJU3UTEIBHO OJHA Ha
JECSTh THICSY) UCTIBITHIBAIM OTKJIOHEHUE Ha yIyibl, Onu3kue K 180°.

DJIIEKTPUYECKOE TI0JI€ OAHOPOAHOIO 3apSHKEHHOTO Iapa MAaKCHMaJlbHO Ha €ro
MIOBEPXHOCTHU U YOBIBAET JI0 HYJS MO Mepe NMPpUOIMKEHUA K LIEHTpY 1mapa. Eciu
Obl paauyc IIapa, B KOTOPOM COCPEIOTOYEH BECh IMOJOKUTEIbHBIN 3apsi
aToMa, YMEHBIIWJICS B 7 pa3, TO MaKCMMajbHas CHJIa OTTAJIKUBAHUSI,
neiicTByrolnas Ha 0-4acTully 1o 3akoHy KymoHa, Bospocia Obl B 7° pas.
CrneioBarenbHO, IIPU JOCTATOYHO OOJIBIIIOM 3HAYECHUH 7 0-4aCTHULIbI MOTJIM Obl
HCIBITAaTh pacCcesHue Ha OONbIIME YIVIBI BIUIOTH a0 180°. OTH coobpakeHus
npuBenu Peszepdopaa k BBIBOAY, UTO aTOM IIOYTH IIYCTOHM, U BECh €ro
MOJIOKUTEIBHBIM 3aps]l COCPEOTOUYEH B MajioM oObeMme. DTy 4YacTh aroma
Pe3epdopa Ha3zBan amomubvim a0pom. Tak BOSHUKIIA 20EepHASA MOOETb AaTOMA.
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OnbIThl Pe3epdopaa U ero cOTpymHUKOB NPHUBENU K
BBIBOJLY, YTO B LIEHTPE aTOMa HAaXOAUTCS IUIOTHOE
MONOKUTEABHO  3apsKEHHOE  A1pOo,  JUAMETP
xotoporo He npesbimaer 107*-107° m. Do aap0
3aHMaeT Toinbko 1072 wacTe moHOTO 0OOBEMa
aToMa, HO COZIEPKUT gech TOJI0KUTEIbHBIN 3apsi U
99,95 % ero Maccel 1 UMETh INIOTHOCTH MOPSAKA
p =10 r/cM’. 3apan aapa nomkeH ObITH paBeH
CYMMapHOMY 3apsy BCEX JIEKTPOHOB, BXOAINX
B COCTaB aToMa.

Pe3ynbraThl ONBITOB ObLIM CIUIIKOM PAIMKAIbHBI U

Pe3epdopa ony0OanKoBall CBOM pe3yJbTaThl TOIbKO
yepe3 aBa roga (B 1911 r.) mocne BhIIOJHEHUS

TIEPBBIX AKCIICPUMEHTOB. Ommpasich Ha
KIIACCHYCCKHE MPEACTaBICHUS O  JIBIDKCHUHU
MUKPOYACTHII, Pezepdopa TIPSO

naanemapuyro mooenv amoma. CONIAaCHO 3TOU
MOJICIIH, B

[IEHTPE aTOMa PaCIoJIaraeTcs MOJIOKUTETBLHO
3apsPKEHHOE S7IpO, B KOTOPOM COCPEIOTOYCHA TTOYTH
BCsl Macca aroma. Bokpyr sijipa, mojo0HO IJIaHeTaM,
BpAIAlOTCs MO ASUCTBUEM KYJTOHOBCKHX CHII CO
CTOPOHHI s/ipa ANEKTPOHbI. HaxoauThest B COCTOSAHUU
MTOKOS 3JICKTPOHBI HE MOT'YT, TaK KaK OHU yHaju Obl
Ha SAPO.



11.2. [locmynamsbi bopa. dkcnnepuMmeHmarsibHoe
noomeepx0eHue nocmysiamoe bopa

[InaneTapHass Mojaesb aroma, HpeajaokeHHas PeszepdopaoMm, HECOMHEHHO
SIBUJIACh KPYIIHBIM IIIarOM B Pa3BUTHUW 3HAHUW O cTpoeHuu atoma. OHa
ObLJIa COBEPIICHHO HEOOXOAUMOU I OOBIACHEHUS OIBITOB MO PACCESIHUIO
o-gactull. OgHAKO OHA OKa3ajgach HECIOCOOHONW OOBSCHUTH caMm (HaKT
JUTUTEIIBHOTO CYILIECTBOBAHMS arOMa, T.€. €ro yCTOMYMBOCTh. [10 3akoHam
KJIACCUYECKOW DJICKTPOAMHAMMUKH, JBWXKYIIMICA C YCKOPEHHEM 3apsj
JOJDKEH M3y4aTh JJICKTPOMArHUTHBIE BOJIHBI, YHOCSIIUME SHEPruro. 3a
KopoTkoe Bpems (mopsaka 107° ¢) Bce anekTpoHsl B atoMe Pesepdopra
JNOJDKHBI pacTpaTUTh BCIO CBOIO PHEPTUIO M YHACTh Ha sApo. To, 4To 3TOro
HE TMPOMCXOJUT B YCTOMYMBBIX COCTOSHUSIX aroMa, ITOKa3bIBaeT, YTO
BHYTPEHHUE MPOIIECChI B aTOME HE MOAYUHSIIOTCS KJIACCHUYECKUM 3aKOHAM.



Cnenyrolui mar B pa3BUTHH IPEJACTABICHUM 00 yCTpOICTBE aToMa cienail B
1913 rony Belmarommiics garckuii pusuk . bop. [IpoaHann3upoBaB BCHO
COBOKYITHOCTh OMNBITHBIX (DakTOB, bop mpuiien K BbIBOAY, YTO MpHU
OIMCAHWM TIOBEJACHUS aTOMHBIX CHCTEM CJEAYET OTKa3aTrbCsi OT MHOTHX
NpeACTaBICHUN Kiaccudeckorl (puzuku. OH chopMyIMpoBal MOCTYJIATHI,
KOTOPBIM JIOJKHA YIOBJIETBOPATH HOBAs TEOPHUsI O CTPOCHUM aTOMOB.

Ilepevtit nocmynam bopa (OCTYJAT CTAIIMOHAPHBIX COCTOSIHMM) IJIACUT:
ATOMHAsl CHUCTEMA MOKeT HAXOAUTCS TOJbKO B 0COOBIX CHAUUOHAPHBIX
WIH K8AHMOBLIX COCTOSTHUSAX, KAKIAOMY M3 KOTOPbIX COOTBETCTBYET
ompesieJieHHasi dHeprusi £ . B cTanMOHApHBIX COCTOSIHUSIX aTOM He
U3Jyyaer.

OTOT TOCTYJIAT HAXOAUTCSA B SBHOM MPOTUBOPEUYHM C KJIACCUYECKOM
MEXAHUKOM, COMNIACHO KOTOPOU IHEPTUS ABUKYIIETOCS BJICKTPOHA MOMXKET
ObITh JIF000H. OH HAXOJAUTCS B MPOTUBOPEUYHHU U C IIEKTPOJIMHAMMUKOM, TaK
KaK JOIMYCKaeT BO3MOXHOCTb YCKOPEHHOTO ABMXKEHHUSI SJIEKTPOHOB 0€3
U3JIyYEHHUS IIEKTPOMArHUTHBIX BOJIH. COornacHo nepBoMy nocrynary bopa,
aTOM XapaKTEPU3YETCsl CUCTEMOU IHEPZeMUUYECKUX YPOBHEl, KAXKIAbIA U3
KOTOPBIX COOTBETCTBYET ONPEACICHHOMY CTAallMOHAPHOMY COCTOSHHUIO.
MexaHuueckass DJHEPrus OJJEKTPOHA, JBUXKYIIETOCAd II0 3aMKHYTOHU
TPACKTOPHUHU BOKPYT MOJOXKHUTEIBHO 3apsSXKEHHOIO S/Ipa, OTPHUIATEIIBHA.
[ToaTOMy BCEM CTAalMOHAPHBIM COCTOSIHUSIM COOTBETCTBYIOT 3HAUYECHUS
sHepruu £ <O0. Ilpn £ >0 s1eKTpoH ynansercs OT supa (I/IOHI/IB&HI/IH)
Benmnuuna TE | HasbIBaeTCs YHepeuen uonuzayuu. COCTOSHUE C SHEPTHEH
E Ha3BIBAETCH OCHOGHBIM COCHIOAHUEM ATOMR.



Bmopoii nocmynam bopa (npaeuno uacmom) QOpMyIUPYETCS CIEAYIOIIUM
o0pa3oM: NpH IMepexoae aroMa M3 OJHOI0 CTAIIMOHAPHOIO COCTOSIHMSI €
sHeprueii E_B Apyroe crannoHapHoe cocTosiHue ¢ dHepruei E H3JIy4aercs
WIN TONIOLIAeTCs KBAHT, JHEPrusi KOTOPOIo paBHA paBHOCTI/I IHEPrui
CTAIMOHAPHBIX COCTOSTHUM: hv —E E rne h — mocrosgHHaa Ilmanka.
OT1croma MOXXHO BBIPa3UTh qaCTOTy I/IBJ’IyquI/I}I

E -E
v -_—

s h
Bropor moctymar bopa Takke NPOTUBOPEUYUT IJNEKTPOAMHAMHUKE MakcBessa, Tak Kak

qacToTa H3JIYUYCHHUA OIIPCACIACTCA TOJBKO HM3MCHCHHCM OHCPIHM aTOMa M HHKAK HC
3dBUCUT OT XapaKTCpa ABHMIKCHUA 3JICKTPOHA.

Teopuss bopa He oTBepIia MOJHOCTBIO 3aKOHBI KJIACCHUYECKOM (DU3MKH IPH ONMHUCAHHHU
MOBEJACHMUS aTOMHBIX CHCTEM. B Hel COXpaHWIHCH MpeAcTaBiCHHUS 00 OpOUTATbHOM
JIBUKECHUU JJIEKTPOHOB B KYJOHOBCKOM IToje simpa. Knaccuueckast siaepHass MOAEb
atoMma Pesepdopaa Obuta gonosiHeHa B Teopuu bopa naeeit 0 KBaHTOBAHUH AJIEKTPOHHBIX
opour. ITosTomy Teoputo bopa uHOTAa HA3BIBAIOT HOIYKIACCUUECKOIL.




locmynamsi bopa

1. Onexmpon 6 amome modxcem 08u2amvCsi MONbLKO NO ONPeOeleHHbIM
CMAYUOHAPHBIM  OpOUmMam, KaxIOW U3 KOTOPBIX MOXKHO MPHUIIMCATH
ompeneneHubii Homep n = 1, 2, 3,... Takoe ABUXKEHUE COOTBETCTBYET
CTAllMOHAPHOMY COCTOSIHUIO aTOMa C HEU3MEHHOM MOJHOM 3Heprueun En.
DTO O3HA4YaeT, 4TO JBWXYIIUWCSA MO CTAllMOHAPHOW 3aMKHYTOM OpOuTE
AJICKTPOH, BOIPEKHA 3aKOHAM KJIIACCUYECKOM JJIEKTPOJAUHAMUKHU, HE
V3JIy4aeT SHEPIUH.

2. Paspewiennbimu cmayuoOHaApHbIMU OpOUMamMu s6aI0Mcs Moavko me, OJis
KOMOpbIX Y2l080U MoOMeHm umnyivca L asnekmpona pasen yenomy
KpamHomy eenuyunvl nocmosinnou Ilnanka h. Ilo3TomMy nisi n-ou
CTaIMOHAPHOM OPOMTHI BBHIMOIHIECTCS YCIOBUE KBaHTOBaHUSA L = n/, n = 1,
2,3,...

3. Usznyuenue unu noenowjeHue K8aHma UnyyeHus npoucxooum npu nepexooe
amoma u3 00H020 CIMAYUOHAPHO20 COCMOsAHUA 8 Opy2oe. 1Ipu 3ToM yacToTa
(1 U3IYYEHUs aTrOMa OIPEHECIIETCS PAa3sHOCTBbIO DHEPIMM aroMa B JBYX
CTAlIMOHAPHBIX COCTOSIHUAX, TAK YTO

ha)nk =Ek—En, k > n.



Amowm eodopoda. JluHeliyambie criekKmpabl

[Ipocmeniwuii u3 amomos, amom 6000p00a ABUACS CB0E0OPA3HLIM MeECH-
obvekmom 051 meopuu bopa. Ko eépemenu coszoanus meopuu bopa amom
8000pooa Ovll xopouio uzyuer sxcnepumernmanvro. Eimie B Hadane XIX
BEKa OBUIM OTKPBITHI JIMCKPETHBIC CIEKTPAJIbHbIC JIMHUA B HU3JIYYCHUU
arToMa BOJOpPOJA B BUIWMOM 0OJIACTH (TaK HA3bIBAEMBIWA JuHeUYUaAmblil
cnexkmp). BociencTBUM 3aKOHOMEPHOCTH, KOTOPBIM MTOAYUHSIOTCS IJTUHBI
BOJH (WJM YaCTOThI) JIMHEWYATOrO CIEKTpa, OBLIM XOpOIIO H3yYEHBI
xosimyectBeHHO (M. banbmep, 1885 1). CoOBOKYMHOCTh CHEKTPaIbHBIX
JIMHHAM aroMa BOJAOPOJAa B BUAMMOM YacTH CIIEKTpa ObLIa Ha3BaHa cepuetll
banvmepa. 1lo3ke aHAJIOTMYHBIE CEPUU CIHEKTPAIBHBIX JIMHUWA OBUIM
oOHapyXeHbl B YIbTpapUOIETOBOM M HH(paKpaCHOM dYacTsax crnekrpa. B
1890 romy W. Punbepr mojyyusli SMOUPUYECKYHO (OpPMYITy IJI 4acTOT
CIEKTPAJIbHBIX JIMHUMN:

2 1 1
v = - .
nra R
s cepum banvmepa m=2, n=73,4,5, .... lna yanprpadunoneToBol cepuu
4 YJIBTP P
(cepusa Jlaiimana) m=1, n=2, 3,4, .... Ilocroaanas R B 3T0il (hopMmyie

Ha3bIBaCTCA nocmosaunnoi Puooepza. Ee dncienHoe 3HadeHue R = 3,29
-10"°T'n. Jlo Bopa MexaHM3M BO3HMKHOBEHMs JHMHEHYATBIX CIEKTPOB M
CMBICJT IIEIBIX YMCEJI, BXOAAIMX B (DOPMYJbl CHEKTPAIbHBIX JIMHUM
BOJI0Opoa (M psAaa APYTHMX aTOMOB), OCTaBAJIMCh HEIMOHSATHBIMU.
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JlnarpamMma 3HEpreTuYeCKUX YpOBHEMN
aroma Bonopoza. [lokasaHnsl nepexozsl,
COOTBETCTBYIOLLUE PAIIUYHBIM
CIIEKTPAJIBLHBIM cepusiM. JJIst IepBbIX
[IATU JIMHUM cepun banbmepa B BUIUMOU
YaCTHU CHEKTPA YKA3aHbI JJIMHBI BOJIH

CranuoHapHble OpOUTHI aTOMa BOJOPOA U
00pa30BaHUE CIIEKTPAIbHBIX CEPUIA



11.3. Teopusi bopa 0151 8000P0O0O0ONOA06HbIX cUCMEM U
eé npuHyunuasbHblie Hedocmamku

[IpaBuiio KBaHTOBaHMS, IPUBOSIIEE K TPABUIIBHBIM, COIIACYIOIIAMCS C OMBITOM 3HAYCHUSAM SHEPTU
CTallMOHAPHBIX COCTOSAHUIN aToMa BO0po/Ia, ObuIo yragano bopom. bop npenmnonoxui, 4To
MOMEHT UMITYJIbCA JIEKTPOHA, BPAIIAIOIIEr0C BOKPYT SIpa, MOKET MPUHUMATh TOJIBKO
JVICKPETHBIE 3HAYECHUs1, KpaTHbIE IIOCTOSTHHOM [ 1naHKa.

3anuueM yCJIOBUE BpAILICHUS 3JEKTPOHA MacChl 771 o 1o KpyroBOM OopOUTe pajauyca 7 1moj ACUCTBUEM
KYJIOHOBCKOM CHJIBI CO CTOPOHBI siipa U QopMyly bopa KBaHTOBaHHS MOMEHTa HWMIIYJIbCA
DJICKTPOHA ,
m0v2 1 e
2

17 dne, v

| mgvr =nh

Pemass sty cucremy ypaBHEHUN, HaxXoduM [Jisi PaguyCOB JOMYCTUMBIX (CTallMOHAPHBIX) OpPOUT
9JICKTPOHA B aTOMC BOJ0Opoaa CICAYIOIICC BLIPAKCHUC

dme,hin’
rp=—2——, n=1 2,...
Mpe
BBOI[}I B KQUCCTBEC YHHBepcaHBHOﬁ KOHCl1aH1bl 1CUPM VVPLVBLKKUKU PaIlyC
2
o= 529.10%0 u
e

KaK paanyc HCpBOﬁ CTaHHOHapHOfI Op6I/ITb1 JICKIpPUHA B artumc suaupuad, TOraa

r =an*,n=1,2,3...



[TonHast 3HEpPrUs 3JICKTPOHA, JBUXKYILIETOCS MO /7-OM CTAallMOHAPHOW OpOUTE,
CKJIAJIBIBAETCS U3 €r0 KNHETUYECKOU IHEPTUHU

2 4
n mUQ

= 2 222 0

2 32neyhin

M IOTEHI[HAIBHON DHEPrUd KYJIOHOBCKOTO B3aMMOIEHCTBHUS DJIEKTPOHA C
SAIPOM

My

EK=

e’ mye”
Ve =55
4ne,7, 16n°cyhi i
[Tonydyaem BaxkHyo dhopMyiy Teopur bopa - hopMyiny KBaHTOBAHUSI SHEPTUU
OJICKTPOHA B aTOMC BOIOPOIa

moe4 1 13,6

32nzs§hz 1’ 1’

[lonHast HEPTUs AJIEKTPOHA B aTOME OKa3alach OTPUIIATEIbHOM, TaK Kak, IO
ONpENCIICHUI0, OTPUIATEIbHA MNOTEHUHANIbHAS  DIIEKTPOCTATHYECKAast
SHEPrusi B3aUMOJICHCTBUS JIEKTPOoHA C aapoM. C pocTOM HOMEpa OpOUTHI
MOJTHAS PHEPTHUs SJIEKTPOHA B aToMe Bo3pacTaet. [Ipu 3ToM HOMEp OpOUTHI
N SIBJISIETCS KBAHTOBBIM YHCJIOM B TAKOW TEOPHHU.

E=Fy+U=- 5B



ComnracHo BTOpoMy TocTynaTy bopa, npu nepexoje 3IeKTpoHa ¢ OJHON
CTAalHOHAPHOW OPOUTEI ¢ SHEPrHei £ Ha IPYTyIO CTAllHOHAPHYIO OPOUTY C
SHEeprueu £ < £ aroM HCIyCKaeT KBaHT CBETa, YaCTOTa vV KOTOPOTO

aBHa AE_/h:
P nm AR mee4 1 1

mn

g = — .
o A 883.333 m2 n2

Ota hopMyna B TOYHOCTH COBHAJAET C AIMIUpUIECKON hopMynoit Punbdepra
JJIs1 CIEKTPaIbHBIX CEpUM aToMa BOJIOPO/Ia, €CJIM MOJIOKUTh MOCTOSIHHYIO R

BHOHN 4
pPaBHO 2
&

3elk®
0
[losicTaHOBKA YUCIIOBBIX 3HAYCHUM 711 , ¢, € U /1 B 3Ty (OPMYITy JIa€T Pe3ysbTar
R=329-10" I'n,
KOTOPBIM OYE€Hb XOPOIIIO COTTIACYETCS C AMIIMPUUECCKUM 3HAYCHUEM K.



Yenexu teopun bopa B OOBSICHEHHWHM CHEKTPAIbHBIX 3aKOHOMEPHOCTEH B
M3YYEHUM aToMa BOAOPOJIa ObUIM MTOpa3uTeabHbl. CTajao SICHO, YTO aTOMBI —
3TO KBAHTOBBIE CHUCTEMBI. JHEPr€TUYECKUE YPOBHU CTAIIMOHAPHBIX
COCTOSSHUM aTOMOB JUCKPETHBI. [loY4THM OZHOBPEMEHHO C CO3IaHUEM
Teopun  bopa  ObUIO  MOJYy4EeHO  MOPSIMOE  DKCIECPUMEHTAIBHOE
JI0KA3aTeJIbCTBO CYIIECTBOBAHUS CTAIIMOHAPHBIX COCTOSHUM aromMa u
KBAHTOBAHUS SHEPIrUM. [[MCKPETHOCTh SHEPrETUYECKUX COCTOSHUM aToOMa
OblIa TMPOAEMOHCTpUpPOBaHA B omnbite /[. Ppanxa u I. I'epya (1913 1.), B
KOTOPOM HCCJIENOBAIIOCH CTOJIKHOBEHHE JJIEKTPOHOB C aTOMAaMH PTYTH.
Okazajiocb, 4YTO €CIIM DHEPrus SICKTPOHOB MeHbIe 4,93B, 1O HX
CTOJIKHOBEHHE C aroMaMM PTYTH IPOHUCXOAUT 110 3aKOHY aOCOJIIOTHO
yrpyroro yaapa. Ecim ke »sHeprus diekTpoHOB paBHa 4,9 3B, 1O
CTOJIKHOBEHHE C aTOMaMH PTYTH NIPUOOPETAET XapaKTep HEYNPYyroro yaapa,
T. €. B PE3YyJIbTAaT€ CTOJKHOBCHUS C HENOABHXHBIMH arOMaMH PTYTH
AJIEKTPOHBI IIOJHOCTBIO TEPSIOT CBOK) KHHETHYECKYIO HHEPTHUI0. ITO
O03HAYaeT, TO aTOMbI PTYTH HOIJIOMIAIOT SHEPTHIO SJIEKTPOHA U MEPEXOMAT U3
OCHOBHOTI'O COCTOSIHHS B IEPBOE BO30YKJAEHHOE COCTOSHUE,

E,—E =4953B.
ComtacHO OOpPOBCKOM KOHIEHIUHM, NpPU OOpaTHOM CaMOIIPOU3BOJIHLHOM
nepexoje aToMa pTyTh JOJDKHA UCITYCKaTh KBAHTHI C YaCTOTOM

EQ B El
15
v=—0]—= 1,2:10° I'm.

CnekrpanbHas JUHUS C TAKOM YaCTOTOM JEUCTBUTEIBLHO ObLIa OOHApYXKEHA B
yIABTPA(PUOIECTOBON YaCTH CIIEKTPA B U3ITYYCHUU aTOMOB PTYTH.



11.4. Tunome3sa de bpousisi u eé akcrnepumMmeHmMarsibHble
noomeepxo0eHust

YcTaHOBIIEHHE KOPITYCKYISIPHO-BOJHOBOTO JIyaju3Ma B ONTHYECKUX SBICHHUSIX UMEJI0 OYEHb
OOJBIIOE 3HAYCHHE IS JalbHEHMIIETo pa3BUTHSA (pu3mku. BrepBble OblLia BEISBICHA
JIBOMCTBEHHAsT - KOPHYCKYJISIPHO-BOJIHOBasi - Ipupoda ¢GHU3UUECKOTO OObEeKTa -
AJICKTPOMArHUTHOTO HM3JTy4YeHHUsA. ECTEeCTBEHHO OBUIO OXHJAATh, YTO TOJ00HAs
IBOMCTBEHHOCTH MOXKET HE OTPAaHUYUBATHCS TOJIBKO ONTHYCCKUMH SIBICHUSIMH.

B 1924 r dpanmnysckuit dusuk Jlyu oe bpoiiis BBIABUHYJ THUIIOTE3Y, COTIACHO KOTOPOM
KOPITYCKYJISIPHO-BOJITHOBOW Jyajn3M MMEET YHHUBEpCalbHbIA Xapakrtep. ConracHo
eunomese Oe bpotina Kaxaas MaTepualibHas dYacTulla o007aJaeT BOJHOBBIMU
CBOMCTBAMH, TPUYEM COOTHOIICHUS, CBS3BIBAIOIIME BOJHOBBIE W KOPIYCKYJISIPHBIC
XapPAKTEPUCTUKU YaCTUIIbI OCTAKOTCSA TAKUMH K€, KAK M B CIy4ae AJIEKTPOMArHUTHOTO
u3nydeHus. HamomauMm, yto sHepruss E u umnynbc p ¢hoToHA CBSI3aHBI ¢ KPyroBOM
YaCTOTOM M U JUIMHOW BOJHBI A COOTHOILIEHUIMU

E =hw, p = kh = 2ah/A.

ITo runotese ne bpoiins aBrxyIiencs yactuile, o0aagaronield SJHeprue £ 1 UMITYJILCOM P,

COOTBETCTBYET BOJIHOBOM IMPOILIECC, YACTOTAa KOTOPOTo paBHa @ = E//i, a JyIMHA BOJIHBI
Ap = 27h/p

Kak M3BECTHO, TNIOCKas BOJIHA C YACTOTOM ®, PACHPOCTPAHSIOMIASICS BIOJIb OCH X, MOXKET

OBITH NIPE/ICTaBICHA B KOMILIEKCHOM (popme

c(x,t) = Aexp|—i(wt — kx)], tne A — aMIIUTyAA BOJIHBI, a kK = 27/ — BOJIHOBOE YHUCJIO.

CornmacHo runote3e ae bpoins cBoOogHol wactuiie ¢ sHeprueit E u ummynbcom p,
JBIDKYIIEHCS BIOJIb OCH X, COOTBETCTBYET IIocKast BostHa P(x,t) = Aexp|—i(Et — px)/h],
pPacIpOCTPaHSIONIAsACS B TOM K€ HAIpaBJICHHWM W OMNHMCHIBAIOIIAs BOJHOBBIE CBOMCTBA
YaCTHUIIbl. DTy BOJIHY HA3bIBAKOT 80.11OU Oe bpouiis.



Hatinem mmny BomHbEL de bpoiiis Y, MAKPOCKOIIYECKOrO, HO J0CTaTOYHO MAJIOro o0OBbeKTa -

NBITMHKH, Macca kotopoit m = 107 1, a ckopocTs v = 1 MM/c .

A = 2mh/mo = 6,6x10%22 M

HaﬁHGHHaﬂ JJIMHA BOJIHBI 3HAYUTCIBbHO MCHLIIIC HE TOJIBKO PasMCpPOB caMou IIBIUJIMHKHU, HO H

HaMMEHBIIIETO U3BECTHOIO B (DU3UKE pa3Mepa - pajuyca sjapa, COCTABJISAIOIIETO MO MOPSJIKY
Beyuuusl 10712 M

[IoCcKOJIbKY HHMKaKoOro MPUHUMIIHAIBHOIO Ppa3IiMudsg MEXAY MHKPO- U MaKpOOObEKTaMH HE

B

CYIICCTBYET, TO BO3HHMKACT BOIPOC: B KAKMX CJIy4asX BOJHOBBIC CBOMCTBA MIPaiOT
pCIIAIONIYI0 pOJb B TOBEICHUM 4YACTHUII, a4 B KaKUX CIydasx OHH OKa3bIBAIOTCS
HECYIIECTBCHHBIMHA M UX MOYKHO HE YUUTHIBATh? J[J1s1 TOro, 4TOOBI OTBETUTH HA 3TOT BOIPOC,
BOCIIOJIb3YEMCSl aHalorueii ¢ onTukoi. Kak H3BECTHO, BOJHOBas MPHUPOAA H3IIyUCHHS
MaKCHMaJIbHBIM 00pa3oM INPOSBISCTCS B TeX Cydasx, KOIJa JJIMHA BOJHBI HM3JIYYCHHUS A
CpaBHUMA C XapaKTEPHBIMU pasmepaMu cucreMsl L, T.e. A ~ L. Eciu e A << L, To BOJHOBEIE
CBOMCTBA  M3JIyYCHHS  CTAHOBATCS  HECYIICCTBEHHBIMH M  MOXKHO  IIOJB30BaThCS
TEOMETPUUECKON WIIU JIyYEBOM ONTUKOM.

CWJIy QaHAJIOTUH, CYIIECTBYIOIIEH MEXKAY MEXaHUYECKMMHU W ONTHYECKUMH SIBJICHUSIMU,
KJIACCUYECKass HBIOTOHOBCKAsg MEXaHUKA COOTBETCTBYET T'€OMETPUYECKOM OINTHKE, a
KBAaHTOBAasl WJIM, KaK €€ €II€ Ha3bIBAIOT, BOJHOBAs MEXAHWKA - BOJHOBOW OMNTHKE. Takum
00pa3oM, BOJHOBBIE CBOMCTBA 4YacTHI] OyayT HamOoyiee SPKO MPOSBISITECS B TE€X Clydasx,
KOTJa JeOpoilieBCKas JJIMHA BOJIHBI YAaCTHI[BI CpaBHMMA C XapaKTEPHBIMU pa3MepamMu
00acTu IBMKEHMS dacTHibl L, T.e. A " L. JlebpoiineBckas AJIMHA BOJHBI JIEKTPOHA A .,
pa3Mepbl aTOMa M PaCCTOSHUE MEXAY aTOMAMHU B KPUCTAJIE UMEIOT OJIMH U TOT K€ MOPSAIOK
BEJIMYMHBI. ITO O3HAYAET, YTO MPHU B3aUMOJACHCTBUM 3JIEKTPOHOB C aTOMAMU, a TAKKE MPU UX
JIBW)KCHUU B TBEPIBIX TeEJaX BOJHOBBIE CBOWCTBAa JJCKTPOHOB OydyT MPOSBIATHCA
MakKCUMaJbHbIM OOpa3oM. B Tex ke ciyuasx, Koraa l << L, kak, Hampumep, s
PAacCCMOTPEHHOM  BBINIE  TBUIMHKH,  BOJHOBBIC CBOICTBA YaCTUIBI  CTAHOBATCSA
HECYIIIECTBEHHBIMM, U JIJII ONTMCAHUS JBUKEHUS TaKUX 00BEKTOB HEOOXOJUMO IOIB30BATHCS
3aKOHAMU KJIACCUYECKON MEXAHUKHU.



bop He cMor nath (GU3NYECKYI0 MHTEPIPETALUIO MPaBHIIy KBAaHTOBAHUSA. JTO
ObUIO CACIAHO JICCATUIIETHEM TIIO3KEe Oe bpoiitev Ha OCHOBE
IPEACTABICHUN O BOJIHOBBIX CBOMCTBAX YaCTWI. /[e bpoiiib TIPEAI0KNN,
4TO KaxJas opOuTa B arOME€ BOJOPOJa COOTBETCTBYET BOJIHE,
pPacpOCTPAHSIONIEHCS IO OKPYKHOCTH OKOJIO sjipa aroMa. CTaiimoHapHas
opOHWTa BO3HUKAET B TOM Cllydae, KOIJla BOJIHA HEMPEPHIBHO MOBTOPSET
ceds mocie Kaxaoro o0opoTa BOKpyr sapa. Jpyrumu cioBamu,
CTallMOHapHasi OpOUTa COOTBETCTBYET KPYTOBOM CTOSTYEN BOJHE de bpotiis
Ha JJIMHE OPOUTHI. DTO SIBJICHUE OYEHB ITOX0KE HA CTALMOHAPHYIO KapTUHY
CTOSTYMX BOJIH B CTPYHE C 3aKPEINICHHBIMHA KOHIIAMHU.

B CTAaIMOHAPHOM KBAHTOBOM COCTOsSHHH aroOMa BOAOPOJAa HA MAJIMHC Op6I/ITI>I
HOJDKHO YKIAAbIBATHCA 11O UACC 1€ BpOﬁHH OoeJIoC 4YucCJjio AJIMH BOJIH i, T.C.

nis = 2nr..
n n
[TogcTaBisis B 3TO COOTHOIIICHHUE JIINHY BOJIHBI
e bpoinst A = hi/p, tae p = m L — UMITyJbC 3IEKTPOHa,
OJTYYHM: 32 s

n—— =21, HIH M. Vr. =in—
A h R L 21T

WMiutroctpanus unaeu e bpoiisiss BOSHUKHOBEHHUS CTOSTYUX BOJIH
Ha CTallMOHAPHOW opOuTe 11 ciy4das n = 4



JKcrepuMeHmarsibHbie noomeep)x0eHusi 2uriome3sbl 0e
bpouns

[IepBble SKCNEPUMEHTAIBHBIE HWCCICAOBAHUS, IOATBEPAUBIIAE BOJHOBYIO
MPUPOJy 4YaCTHULl, OBUIM BBINOJHECHbI aMEPUKAHCKUMU ¢Qu3nkamMu K.
J[peucconom w JI. [cepmepom, a TaKkKe HE3aBUCUMO AHIIIMKUCKUAM
dbusukom /[owc. 1. Tomconom B 1927T. B 3THX paboTax HMCIOIb30BaIaCh
IM@pakius SJIEKTPOHOB Ha KPUCTALIMYECKOM pemieTke. lIpexnae yem
NEepEeuTH K MNOAPOOHOMY ONHCAHUIO JTHUX OKCIEPUMEHTOB, OTMETUM
cinenyroniee. Kak yxe o0Cyxaanoch BhIlIE, JSOPOMIICBCKAs JJIWHA BOJHBI
AJIEKTPOHA MNPU HE OYEHb OOJIBIIIOM 3HAYECHUU YCKOPSIOIIEH Pa3HOCTU
noreHnuanos (~100 B) mo nopaaxy seaumuuusl cocrasiser 10710 m. Dror
K€ TOPSAIOK BEJIWYMHBI XAPAKTEPEH JJIS PACCTOSTHUSA MEXKAY aTOMHBIMH
IUIOCKOCTAMUA B Kpuctamwie. IloatoMy, Tak e, Kak W B ClIydae
PEHTIE€HOBCKUX Jy4YE€H, KPUCTAI MOXET HUrparh poiab AUPPaKIIHMOHHOM
PELIETKH JJI51 JIEKTPOHHBIX BOJIH.



J[p6uccon  m  J[pcepmep UCCIENOBAIA  JAQPPAKIHUIO 3AJIEKTPOHOB Ha
MOHOKPHUCTAQJUIE HUKEJS, KPUCTALIMYECKAass CTPYKTypa KOTOpOro Obuia
M3BECTHA U3 ONBITOB MO AU(PPAKINK PEHTICHOBCKUX JIy4YeH. DJIEKTPOHBI OT
AJIEKTPOHHOU IYIIKH S, MPOIIEAIINE YCKOPSIIONIYO PA3HOCTh MOTCHIINAJIOB
U, maganyd HOpMajdbHO Ha COULIM(OBAHHYIO MOBEPXHOCTh KpHUCTaiia
Hukenss C. C moMOIIpl0 AeTEKTOpa 1) MCCIEI0BAIOCh YUCIIO AJICKTPOHOB,
OTPa)XCHHBIX OT KpHUCTaJja IMOJl YIJIOM [/ NpH Pa3UYHbIX 3Ha4eHUsX U.
HarmomHuM, 4Yto pasHeIM 3HaYeHUSIM [/, COOTBETCTBYIOT pa3HbIC
NeOpOMIIEBCKUE JUTMHBI BOJIH JIEKTPOHOB.

35
1,774
1,794

1,674

44 B 48 B 54 B  64B 68 B

Jlunamuxa ouhpakyuouHo20 ompaiceHus J1eKmpoHo8 npu
uUsMeHeHUuu yckopsiiouwjeu pasnocmu nomenyuanog U



Naa

B ombitax /[s6uccona n J[ocepmepa MakCUMAIILHOE OTPAXKEHUE BJIECKTPOHOB
HaOJIF01aI0Ch MPHU YCKOPAMOIIEH pa3sHOCTH ImoTeHnuaaoB U = 54 B | 410

COOTBETCTBYET JICOPOMIICBCKOW [ITMHE BOJHBI 4, = 27rh(2meeU)'1/ ’=0,167
HM.

JlmiHa BomHBI, onpesensieMas u3 yClnoBus bpoeea-Bynvgha 2dsing BB = ni, Mt
MOCTOSIHHOM pernerky Hukenst d = 2,15x10"'" m paBnsmace 1, = 0, 165 HM.
DTO COBMaJcHUE DKCICPUMEHTAIBHBIX M PACYETHBIX SHaueHHA A, CITYKHT

IIPEKPACHBIM TMOATBEPKICHUEM TUIIOTE3BI € bpouis 0 HAIUYUN Y YaCTHI]
BOJIHOBBIX CBOMCTB.

J[peucconom wm  Jlycepuwepom Oblna TaKKe HM3MEpPEHA MHTEHCUBHOCTH
au@parupoBaBIIMX 3JIEKTPOHOB IPH (YUKCUPOBAHHOM YIJIE OTpa)KeHUS [
(IOCTOSTHHOM  yIJIe CKOJNBXCHUSI () B 3aBUCHMOCTH OT YCKOPSIOUICH
pa3HocTd TnoTeHnuanoB UU. Habmogaemble Ha SKCIIEPUMEHTE MaKCUMYMBbI
OTpa)KeHHs OTCTOST Jpyr OT Apyra Ha paBHoM 1o mkane (U)"7
PACCTOSTHUH, YTO MOATBEPKAACTCS U B TECOPHH.

Ap = 27:71(2171@6(])'1/2 I i
2dSineBB = n,IB omH. eo. ] 2 f) 3 4 5 6 7 8
2dsmb_, = n27:h(2meeU)'”2 —13,06 l"‘— l l l l l l l
= — i n=const -n,
dsin #;.2em,
| | | |

0 5 10 15 20 25 /U B”



B skcniepumenrax /[o«c. Tomcona uccnenoBaiach \ \
e

Ouppaxyus 1eKmpoHo8 Ha NOJUKPUCTNATLIUYECKOM
o ~—To=20s
oopaszye. KOINIMMUPOBAHHBIN MTy4YOK =2 — |
MOHOJZHEPIreTHYECKUX AIEKTPOHOB MaJajl HOPMAIIbHO Myuox
3NEeKTPOHOB
Ha TOHKYIO0 METAJUTMYECKYIO MOJMKPUCTATUTNYECKYIO >\
¢donsry. Ha horonnactrne, pacroiaokeHHOH 3a (OIbIroi, o

AIIEKTPOHBI 00PA30BBIBAIA NTU(PPAKIIUOHHYIO KAPTUHY B

BUJI€ TOHKUX KOHIIEHTPpUUYECKUX KoJiell. [TosicHuMm,

no4yemMy Mpu TP pakiuyi Ha TOJIUKPUCTATIINYECKOM

oOpa3siie Ha (POTOIIIACTUHE MOTYyYatoTCs JUPPaKIIMOHHBIEC KOJIbIIA.
[Ipu ananuze qudpakivu MEKTPOHOB HA MOJUKPUCTAILIE

BO3HUK CJIEAYIOIIUI BOIIPOC: MOXKHO OBLIO JOMYCTUTh, YTO

T (DPAKIMIO UCTIBITHIBAIOT HE 3JIEKTPOHBI, @ BTOPUYHOE
PEHTTEHOBCKOE U3JIy4YEHUE, NCITYCKAEMOE aTOMaMu

KpUCTAJJIa MO AICHCTBUEM JICKTPOHHOTO Mmy4Ka. J[jisi Toro 4To0s!
OJTHO3HAYHO YCTAHOBUTH MPUPOY AU(DPArupOBaBIINX

yacTull (DJICKTPOHBI WM PEHTICHOBCKHE KBAaHTHI), B 00OJacC
(oTOrIaCTUHKOM OBUIO CO34aHO MarHuTHoe moje. Ecmu zm(bpaKumo HCTIBITHIBAIOT
AJIEKTPOHBI, TO OHU OyIyT OTKIIOHATHCS MArHUTHBIM TIOJIEM, YTO MPUBEAET K UCKAKEHUIO
mudpakimonHor kapTuHbl. Ecimu ke mudpardpyeT pPEHTIEHOBCKOE HW3JIy4YE€HHUE, TO
CHUCTEMa KOJIeI] JIOJDKHA OCTaThCsl 0€3 M3MEHEHUN. DKCIEPUMEHT ¢ MAarHUTHBIM TOJIEM
MOKa3aJl, YTO AU(DPPAKIHUOHHOE OTPAKEHUE UCTIBITHIBAIOT UMEHHO 3JICKTPOHBI.

doTonnacruHa



Adudbpakyusi 0OUHOYHbIX 3JIEKMPOHOE

PaccMoTpeHHBIE BBIIIE SKCIEPUMEHTHI TPOBOAUIUCH C 1I0CTATOY
MHTEHCHUBHBIMU MyYKaMH YaCTHII, B JAHHOM CJIy4yae JIEKTPOHOB
[ToaTOMY BBISIBICHHBIE B HUX BOJIHOBBIE CBOMCTBA MOTJIN OBITh

MPUIKCAHBI KaK aHCAMOJII0 B3aUMOJICHCTBYIOIIUX MEXKY COOOIO o
AJNIEKTPOHOB, TaK U OTACIBHOMY AJIEKTPOHY. 151 TOro, 4TOOBI
BBIICHUTb, 001aJ1a€T JIU UHAUBUAYaIbHAsI YaCTHIIA BOJTHOBBIMU .
CBOMCTBaMHU, IPyIIa OTCUECTBEHHBIX (DU3HKOB BO IiaBe ¢ 5. A.

Dabpurarmom seimoaHuaa B 1949 r nudpakunoHHbBIE UCCAENO) f
C OYEHBb CIA0BIM ITYYKOM 3JIEKTPOHOB. B 3TUX OMbITaX IPOMEKYT!
BPEMEHM MEXIY ABYMS MOCIEI0BATEIbHBIMU MPOXOXKICHUSIMHU
ANEeKTPOHOB uepe3 kpuctaiul B 30000 pa3 ripeBbiiian BpeMms,
3aTpaurBaA€MOE OJHUM DIIEKTPOHOM Ha IMPOXOKICHHUE BCEro MpHo |
Takum 006pa3zoM, PIEKTPOHBI AU(PArupoOBAIM B KPUCTAILIIE
MOOJIMHOYKE U MTOJTHOCTHIO HCKIIFOYAIOCH B3aUMOJICICTBUE
AJIEKTPOHOB JIPYT C JIPYTOM KaK MPUYMHA BOSHUKHOBEHHUS
mudpakiimoHHon KapTuHbL. [Ipu HEOOIBIION JIUTEILHOCTH
AKCTIIEPUMEHTA TOYKU Ha (DOTOIJIACTUHKE, OTBEUAIOIINE TTOTIaIaHUIO

AJIEKTPOHOB, pacIpeeieHbl COBEPIICHHO Cy4aliHbIM 00pa3oM. OIHAKO MPH JOCTATOUHOM
JUTUTEILHOCTH SKCIIEPUMEHTA pacipeeieHUe TOYEK MPUOOpeTaeT XapaKTePHbIN JJIs
audpakiy Ha MOJUKPUCTAIIE BUJT KOHIICHTPUUECKUX KoJiel. Takum o0pa3zoM ObLIO
JOKa3aHO, YTO BOJTHOBBIE CBOMCTBA MPUCYIIH OTACILHOMY 3JIEKTPOHY.




JIms HEWTpPOHOB, TaK K€ KaKk ©W I JPYyruxX 4YacTHIl, BO3MOXHO
AKCIIEPUMEHTAJIbHOE HAOJI0/ICHUE KJIACCHUYECKUX NU(MPAKIIMOHHBIX OIIBITOB,
XOpOIIIO M3BECTHBIX B oNTUke. Ha pucyHke NDpUBEIEHBI pPE3YIbTATHI
AKCIICPUMEHTAJILHOTO HCCIEA0BaHUS JIU(GPAKIIMA HEUTPOHOB Ha Kparo
HEIIPO3pPAYHOIO0 JKpaHAa. B 3TOM ONBITE HCIOJB30BAJIUCh HEUTPOHBI C
neOpOMJIEBCKOM JJTMHOM BOJIHBI A I 2 M. Ha rpaduke ogHa equHuULIA TIO0 OCH
X COOTBETCTBYET CMEIICHUIO TPUEMHOW IIENU ACTEKTOpa mUprUHOM 30 MKM
Ha paccrogaue 100 Mm.

1,
ORnH. €o.

JudpakiiMOHHBIE OMBITHI C TSHKEIBIMU
4aCTHUIIAMU - aTOMaMH, MOJIEKYJIaMH,
HEUTPOHAMHU - TTOKA3ajIy, YTO TUIOTE3a

Oe bpotins nMeeT yHUBEpCalbHOE 3HAYEHUE.
Bce yacTuiibl, HE3aBUCUMO OT UX MPUPOJIBI
Y BHYTPEHHETO CTPOEHUS 00J1aiatoT

BOJIHOBBIMU CBOMCTBaMHU.




